Introduction
Fertilization in a large number of animals occurs in a specific region of the female genital tract called the oviduct (uterine tube or Fallopian tube), which adjoins into the uterus and is located close to the ovary (Figures 1  and 2 ). The oviduct is a complex fibromuscular conduct with several layers comprising the mucosa, muscular layer, and a connective serosa. The size of these different layers depends on the anatomical region of the oviduct observed. In the ampulla, where the fertilization takes place, a highly folded mucosa was observed; however, the size and the number of the folds are reduced in the isthmus region and even more so at the uterine tubal junction (Figure 2c ). The isthmus region is commonly associated with the storage of sperm before ovulation. Very important events for fertilization take place in the oviduct. For example, the oviductal environment is responsible of the final maturation of female and male gametes, fertilization, and early embryo development. It is important to take into consideration that early embryos spend several days in the oviduct before they reach the uterus, where implantation occurs. Consequently, the oviduct is a dynamic organ adapted to different situations that are mainly regulated by the varying hormone levels in the blood. The understanding of the oviductal secretions in which gametes and embryos are temporarily placed is continually Figure 1A showing tract in detail, where the ampulla and the uterine tubal junction can be identified.
• During recent decades, there have been great improvements in such techniques, including gamete manipulation, cryopreservation, in vitro fertilization, and embryo in vitro production; however, the efficacy of these techniques is far from optimal compared with the situation in vivo.
• Since final maturation of gametes, fertilization, and early embryo cleavage in vivo occurs in the oviduct, it is proposed that a wider knowledge of the oviductal environment would help to increase the efficiency of assisted reproduction techniques by translating natural conditions into the laboratory.
increasing. Nevertheless, it is relatively scant, and more information on the biological activities of the oviductal fluid will be very useful for domestic, economic, and fertility-related reasons. It has been observed that fertility in domestic animals is reduced due to genetic selection (e.g., dairy cows) (Diskin and Morris, 2008) . For this reason, we envisage that research into the oviductal fluid components will improve the fertility and efficiency of the different assisted reproduction techniques (ART) for domestic animals and pets. These aspects will be addressed in more detail below.
Gamete-Oviduct Interactions
Fertilization takes place in a specialized region of the oviduct called the ampulla, where the sperm penetrate the extracellular egg coats (cumulus cells and zona pellucida). The arrival of the oocyte and the sperm to the oviduct is not always a synchronized event because in some species (e.g., dog), the oocyte is released two or three days before fertilization while in others (e.g., bats), the sperm are present in the female genital tract up to six months before ovulation (Holt, 2011) . Consequently, the oviductal environment presumably provides a good environment for gamete survival and maturation.
The oviduct is able to perform different functions because it has different anatomical regions (Figure 2 ) and a complex oviductal fluid that is dynamic due to the changes produced during the oestrous cycle (Yañiz et al., 2006; Leese et al., 2008; Avilés et al., 2010) . This complexity has begun to be understood recently thanks to the development of powerful analytical instruments. For example, several hundred proteins (spots) can be identified when the oviductal fluid is analyzed biochemically (Figure 3 ). The use of twodimensional electrophoresis provides qualitative and quantitative information about the different proteins (number and volume of spots) present in the oviductal fluid. This kind of analysis would detect subtle changes (i.e., phosphorylation) in the proteins depending of the estrous cycle or due to the presence of gametes. Surprising results include the changes that take place in the oviductal transcriptome due to the presence of gametes or embryos (Fazeli et al., 2004; Georgiou et al., 2007; Almiñana et al., 2012) . Even more specific changes were observed depending on the embryo developmental stage (fourcell embryo or blastocyst), producing a downregulation of immune-related genes affecting the uterus even before the arrival of the embryo to this organ (Almiñana et al., 2012) . Moreover, changes were also detected in the presence of sperm with an X or Y chromosome (Almiñana et al., 2014) . Gene (transcriptome) and protein (proteome) expression in the oviduct are shared by several species, but they are not identical, suggesting that some functions are conserved; however, it seems that some other specific properties are unique to each species (Bauersachs et al., 2003 (Bauersachs et al., , 2004 Tone et al., 2008; Mondéjar et al., 2012) . This should be taken into consideration for the development of specific diluents and culture media for different species.
Gamete protection and survival
It was reported that the presence of oviductal fluid has a positive effect on sperm viability (Killian, 2011) and that the oviduct provides the nutrients necessary for oocyte survival and enzymes with an anti-oxidant effect in the oviductal fluid (Leese et al., 2008; Avilés et al., 2010) . These enzymes are especially relevant for the sperm since they are easily damaged when exposed to reactive oxygen species (ROS) that modify the plasma membrane (protein and lipid peroxidation), which can lead to DNA breaks (Aitken and Luliis, 2010) . Moreover, sperm in the female genital tract are considered as foreign cells, which affect sperm survival due to immunological surveillance (Kawano et al., 2014) . How this process is regulated remains to be clarified, but what is undoubted is that the oviductal environment is protecting the sperm. Evidence supporting this can be found in the fact that spermatozoa can survive in the oviduct from one or two days in the case of cows or sows up to 6 mo in the case of the bat (Holt, 2011) .
Oocyte maturation in the oviduct
It has been reported that the life of the oocyte in the oviduct is around 24 hours in humans, which is similar for most of the species analyzed to date. However, the dog is special because the oocyte released by the ovary at the time of ovulation is immature and needs to reside between 2 and 3 d in the oviduct to mature before fertilization (Tsutsui et al., 2009) . In some species, in vitro fertilization (IVF) efficiency is still low, mainly due to inadequate standardization of ART techniques (Mondéjar et al., 2012) . However, two hypotheses related to oocyte maturation in the oviduct can be considered to explain the differences between in vivo and in vitro efficiency of fertilization: (i) The events happening in the oviduct are not fundamental but, as they do not occur during in vitro procedures, only oocytes of the highest quality survive. This would be the reason for the reduced percentage of success in ART compared with in vivo events. (ii) The oocytes used for in vitro procedures are of lower quality than those physiologically ovulated and fertilized in the oviduct, resulting in embryos with alterations in non-vital but important features for their health during adulthood, such as epigenetic marks (El Hajj and Haaf, 2013) . Several proteins in the oviductal fluid can bind to the oocyte´s extracellular coat called the zona pellucida (ZP), modifying both its protein and carbohydrate composition. Thus, oviduct-specific glycoprotein (OVGP1), osteopontin, lipocalin-type prostaglandin D synthase, and lactoferrin were demonstrated to associate with the ZP of different species (Goncalves, et al., 2008) . OVGP1 is the most studied ZP-associated protein, and its role in the pre-fertilization ZP hardening that reduces polyspermy in the pig has been demonstrated (Coy et al., 2008) .
Several mechanisms participating in the sperm-ZP binding and in the general fertilization process (regulating the possibility of polyspermy) are modulated by the oviduct. In the case of pre-fertilization ZP hardening, a series of experiments with oocytes from nine species and oviductal fluids from five species indicated that the short incubation of the ovarian oocyte with oviductal fluid produces a clear change in ZP resistance to enzyme digestion (Mondéjar et al., 2013) . However, the results obtained were not identical, indicating a degree of specificity that could be due to (i) the different protein compositions of the oviductal fluid or even a different protein sequence codified by the orthologous gene, as demonstrated for OVGP1 or (ii) a different ZP composition (protein and carbohydrate; Stetson et al., 2012) . Some of the differences between species could even result from the absence of protein, as is the case for OVGP1 in the horse and rat. Moreover, in the horse, the sperm is not able to fertilize the oocyte in vitro; however, when the oocyte is incubated with porcine oviductal fluid or oviductal protein DMBT1, the fertilization rate greatly increases (Ambruosi et al., 2013) , demonstrating the relevance of the oviduct in this species.
The sperm in the oviduct
The sperm adhere to the oviductal epithelium in the isthmus region. This binding is responsible for the formation of a sperm reservoir waiting for the time of ovulation. Such binding is not only important for maintaining the viability of the sperm, but also for blocking premature capacitation, which would compromise or even prevent fertilization. The release of sperm from this reservoir seems to be mediated by different factors including signals mediated by the cumulus-oocyte complex (COC), oviductal components that modify sperm binding and also changes in progesterone and estradiol levels and hyperactivation motility of the sperm (Suarez, 2006 (Suarez, , 2008 Kölle et al., 2009; Talevi and Gualtieri, 2010; Coy et al., 2012) .
The sperm released at the time of ejaculation are not able to fertilize the oocyte and must reside in the female reproductive tract before they acquire the capacity to complete the fertilization process. The different biological changes that sperm undergo in the female genital tract are known as capacitation, a process discovered independently by Austin (1951) and Chang (1951) using rabbit as an animal model. The detailed molecular mechanism involved in this process is not yet known mainly due to the difficulty of ascertaining what is really happening inside the oviduct. The changes observed in sperm may be produced by protein redistribution or release, although other factors may also be involved (Yanagimachi, 1994; Florman and Ducibella, 2006) . It was reported that the sperm is modified by the binding of different oviductal proteins (osteopontin and OVGP1), which in general, increase sperm viability, motility, and capacitation in several species (Kan et al., 2006; Killian, 2011) . Thus, OVGP1 is not only able to bind the ZP and the sperm but is also able to increase the protein phosphorylation in sperm that is related to sperm capacitation (Kan et al., 2006) . Other mechanisms involved in capacitation of bovine and porcine sperm are related to the presence of different glycosidases in the oviductal fluid (Carrasco et al., 2008) and in the oviductal epithelia . Moreover, the release of sialidase from the sperm plasma membrane during capacitation was recently described . These glycosidases can modulate sperm binding to the oviductal epithelium and consequently their release from the sperm reservoir. Very recently, the existence of a new mechanism responsible for specific changes mediated by small vesicles (exosomes) during the transit of sperm through the oviduct was described for the first time (Al-Dossary et al., 2013) . Recent studies using genetically modified mice have provided strong evidence of the relevance of the female genital tract in sperm fertility (Kawano et al., 2010 ; Figure 3 . Analysis of the proteins of the porcine oviductal fluid of the preovulatory phase of the cycle. The sample (300 μg) was separated by two-dimensional gel electrophoresis and stained with coomassie blue staining. The proteins were first separated according to their isoelectric point (pI) by isoelectric focusing (horizontal sense) using a Bio-Rad strip with a pH gradient between 3 and 10. Further, the proteins are separated according to their molecular weight (vertical sense) using 12% SDS-PAGE gel (18 x 20 cm). Turunen et al., 2012) . Such modified mice are subfertile or are not able to fertilize the oocyte using IVF techniques. However, those genetically modified male mice are fertile in vivo. It was found that their sperm are able to fertilize the oocyte using IVF techniques when they are incubated with uterine secretions, a process that may be mediated by exosomes, as described above (Kawano et al., 2010) . Female genital tract secretions could be used to improve sperm fertilization capacity in vitro in the case of males with important genetic value but otherwise poor fertility.
Gamete and Embryo Transport in the Oviduct
Gametes and embryos must be in the right place at the right time; consequently, the oviduct makes a major contribution to this process. The sperm need to reach the oviductal ampulla to fertilize the oocyte. After fertilization, the zygote and the early embryos should be transported to the uterus to allow implantation of the blastocyst in the endometrium (uterine mucosa). However, the mechanism involved is not as simple as expected.
Oocyte and embryo transport
Oocytes and embryos are immotile. The oocytes are surrounded by a large number of cells (cumulus cells) at the time of ovulation when they form a structure called the cumulus oophorus, which is captured by the infundibulum (Figure 2 ). They do not have the ability to move as the sperm do, and they must be transported passively. It was reported that slight changes in the level of cumulus expansion affect the initial adhesion of the cumulus-oocyte complexes to the epithelium in the infundibulum, hindering their further transportation (Suarez, 2006) . Two essential components are involved in the transportation of the oocyte to the fertilization site: the coordinated contractions of the smooth muscle cells (myosalpinx or muscular layer) along the length of the oviduct and the ciliary beat of the epithelial cells (Figure 4) . If the oviductal contractions are altered, the oocyte will not reach the fertilization site in mice (Dixon et al., 2009 ). Embryos and oocytes are transported with different speed in the mare and rat oviduct (Suarez, 2006) . Thus, the prostaglandin E2 produced by the embryos is involved in this process. Recently, it was reported that embryos induce a change in oviductal gene expression and consequently can modulate their own environment (Almiñana et al., 2012) .
Sperm transport
Despite the large number of sperm released during ejaculation (more than 40 million and 37.5 billion for human and boar, respectively), only few sperm are able to reach the ampulla (100-1000 and 5000 for human and boar respectively) and a large number are discarded (Harper, 1994; Hunter, 2012a; Suarez, 2006) . The presence of a reduced number of sperm at the site of fertilization means that the oocyte:sperm ratio is close to 1:1. This is important because numerous sperm would increase polyspermy, which is lethal for mammalian embryos (Hunter, 2012a) . The mechanism by which sperm find the oocytes is still unknown. Recent studies suggest that the sperm reach the fertilization site due to a chemotaxis and/or thermotaxis mechanism (Eisenbach and Giojalas, 2006; Hunter, 2012b) , processes that would be responsible for directing the sperm to the upper part of the oviduct. It has been suggested that a chemical gradient mediated by the progesterone produced by the cumulus cells is involved (Eisenbach and Giojalas, 2006; Coy et al., 2012; Guidobaldi et al., 2012) . Mice producing denuded oviductal oocytes are not fertilized in vivo; however, these oocytes can be fertilized in vitro, suggesting the relevance of this structure to the in vivo situation (Zhuo et al., 2001 ). These studies point to the relevance of the cumulus oophorus and remind us that data obtained using in vitro models requires careful interpretation; additionally, they highlight the need for more accurate in vitro models that mimic the in vivo environment more closely. To date, progress on this front has been slow. It would be expected that sperm entrance into the oviduct was a relatively simple process that depended on muscular contraction of the uterus and sperm motility directed by chemo-or thermotaxis. However, it has been shown that the sperm are not able to cross the uterine tubal junction when one of the sperm proteins (e.g., ADAM3) is modified (Okabe, 2013) . It remains to be discovered what specific molecular interaction exists between the sperm and the oviduct that allow the sperm entry into the oviduct.
Effect of the Oviductal Environment on Embryo Development
The fact that embryos can be obtained in vitro and that donors without their own embryos in the uterus can establish a pregnancy after embryo transfer undermines the role of the oviduct. However, it has been demonstrated in different species that the quality of the blastocyst obtained after the embryos were cultured in the oviduct is better compared with the embryos produced in vitro, at least in terms of morphology, gene expression, cryotolerance, and pregnancy rate after transfer (Rizos et al., 2007; 2010a; Mondéjar et al., 2012; Van Soom et al., 2014) . This demonstrates that the oviduct is not an organ for merely transporting the zygote/early embryo through the uterus but that there is communication between them. The first stages of embryo development occur in the oviduct where the embryo spends around 4 to 5 d independently of the big difference in the oviductal length observed in several species (compare Figures 1 and 2b ; Suarez, 2006; Wang and Dey, 2006) . In this period, several major events take place, the first being cleavage process and the switch on from the maternal genome to embryonic genome. Any modification of the culture environment that affects any of these processes could have a profound effect on the quality of the blastocyst (Lonergan et al., 2003a) . Recently, it was reported that changing the culture conditions from in vivo to in vitro, or the reverse, at a specific point of early embryo development, whether before or after embryonic genome activation, critically influences the gene expression patterns of the resulting blastocysts (Gad et al., 2012) . Moreover, it was initially observed that embryo cleavage (cell divisions) is blocked (two-cell stage in mice and eight-cell stage in cow) when the in vitro culture conditions are not optimal. In mice, the blockage of embryo development was passed after addition of the oviductal protein OVGP1 to the culture medium (Yong et al., 2002) . Several experimental studies have demonstrated that the oviduct of different species has similar biological properties, which is consistent with similar transcriptomic and proteomic profiles (Mondéjar et al., 2012) . Thus, the oviduct of a particular species can be used to improve the embryo development of a different one, in a process known as a hetorologous assay. Bovine, mice, rabbit, and sheep oviducts have been used for embryo culture in heterologous or homologous in situ oviducts to produce embryos of better quality from many species (Rizos et al., 2002a (Rizos et al., , 2010a Lazzari et al., 2010) . Any communication between the oviduct and the embryo is finely regulated; for example, in cattle, only one embryo develops in vivo while in vitro, the culture of embryos in groups is necessary for a higher rate of blastocyst development (Goovaerts et al., 2009 ).
Future Perspectives: Basic Science Will Improve the Efficiency of Assisted Reproductive Techniques
It can be assumed that the efficacy of ART will improve as fast as our knowledge of the in vivo process increases. Our knowledge of the in vitro environments is largely based on trial and error rather than on precise knowledge of gamete and embryo needs; therefore, ART will inevitably provide a suboptimal environment, resulting in a discordant repertoire of biochemical signals. Knowledge of the secretory components of the oviduct will provide useful information for the improvement of different ART techniques with important economic and health-related consequences. Thus, some of the species preservation protocols covering infertility and genetic preservation will inevitably be improved. The development of ART has occurred to different degrees in different species, demonstrating that the fertilization process is similar but not identical in all species (Mondéjar et al., 2012; Van Soom et al., 2014) , so that future research in different animal models is recommended. The oviduct is extremely important for oocytes, sperm, and embryos. In vivo, the oviduct contributes to sperm protection and maturation. Knowledge of how this process is regulated will enable these findings to be extrapolated to the improvement of different semen diluents (known as extenders) that improve the vitality and quality of the sperm during sperm storage, cryopreservation, artificial insemination, IVF, and sex-sorting. Previous studies demonstrated that the addition of oviductal proteins to sperm diluents improves the fertilization ability and survival of sex-sorted sperm (Klinc and Rath, 2007; Lloyd et al., 2012) . Detailed study of the oviductal biology will contribute to our understanding of oviductal oocyte maturation, providing new tools to improve survival and meiosis competency, the control of polyspermy, and sperm penetration. Finally, we provide evidence of the relevance of the oviduct for developing better culture media for embryo Cow ovary with the infundibulum of the oviduct. The infundibulum is covered with cilia beating toward the opening to the oviduct. This directs the ovulated oocyte into the oviduct.
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Jan. 2015, Vol. 5, No. 1 development and survival after cryopreservation. In conclusion, decades of basic scientific studies related to oviductal physiology have provided important information about in vivo fertilization and have helped to achieve goals that few could have imagined. We are convinced that in the near future, new knowledge generated about the effect produced by the oviduct in gametes and embryos will improve the efficiency of ART, with obvious health and economic benefits.
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